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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a silicon 
substrate controlled in the porosity, pore diameter, 
distribution width of the pore diameter in the porous 
silicon region and the shape of the porous silicon and a 
method for formation thereof relating to the silicon 
substrate selectively having the porous silicon within the 
substrate and a method for formation thereof. 
SOLUTION: This method for formation of the silicon 
consists in covering the silicon substrate 1 with a partly 
opened mask layer 3, immersing the substrate into a 
chemical conversion liquid and impressing chemical 
conversion current thereon and anodically chemical 
converting a part of the silicon substrate 1 from the 
removed part of this mask layer 3, thereby forming the 
porous silicon 10 to 11 to a band form within the silicon 
substrate. The chemical conversion current described 
above is increased according to the growth degree of 
the porous silicon in such a manner that the current 
density at the boundary between the front end of the 
growth of the porous silicon and the silicon substrate 1 in the process of the anodically 
chemical conversion is made nearly constant. 
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A (P r) . ;l/lf^A (R b) . TZ/ttZ/ (S 

b) , ^y«)A (Sm) ,S(Sn), XbPVf») 

A (S r) . (T a) . x;I/t£^A (T b) x 

f^y (Ti) . *y *a (t 1 ) , 7U^a (t 

m) . ^7hU^A (Y) , >f yr/l/lf^A (Yb) N 
^VWr> (W) , (Zn) s v^I/nx^A (Z 

r) o»<oft-&w*^*s 0 cn^(o\Hs mz-if&vm 

( B) fcfc»{k$/ y n Vffi^ttjHSf < IT £$jJH;& 
St5o £/c. (Z r) -^^V (T i) 

(omwi 0 . 1 lfttF-^itti^o fflsf* 

»*n7C*«:^?LKi/y3>'©««l 0©*K:a»?K— y 



50 
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[oo5i] cn&ft-&«o--a*^:t4«[«*^cywa 
t#j a am rzmmsmftvmik-r & . 

[0 0 5 2] tMIffc^fti: LT«*tf^*v<o#« 

KmUBSWu i 5 0tt*8ffcU <*£ki:^ffi<Dvx* 
B*^b^<D^BfffiH*0 7 (a) tc^To 

tmnmicm^mitzy y n 3 3^>ya >g« 
y ^ i ogs 2 £ ra— ® s o 

[0 0 5 3] »ft->Unv<offi«3 2l±mzstfF-7' 

u K«ff*<o««3 2*nri:*rsjts»JSBS*«i«-e 

fl)o 07 (a) t±COJ:5*«|^<D^WiSBS*^bT 
^5o 0 7 (b) «i&S^jSUT±95^^^ FB3 4* 
^jKLfc^WttRfca^To 0 7 (a) fciSt-^WiftB* 
w=0. 75 — 6/zrru r = 2 7 m<D0kflrT*& 
/SU 1. 5 5 jim©W If— ^OSS^5A*f^ 
-g\ flSSOfifflfrSNear Field Pattern (N F P) £r$lj 

[0 0 5 4] 08&C, w=6 fimT*Bltilstzym®$&(D 

NFP<o0»j*^-ro 08 (a) \mmmm£m=T?ifa<D 

JHtt»**iRL, 0 8 (b) ttS**iRi©31H!tt»* 
^08 (c) tt^aift^^ftlR*^^ 0 8 

(a) ©«CTtMff#ftU:W:3W«cj;ir^jBa«^L 

<inim^Tcytmmm&m7 (a) o««ofeo-e"F* 

VSi=ZSi/pSi 

(b) l(D>"J3 >^r^?Ua P ^TUt^ V uz/\cm& 
?&t, ±e»«*fc^Fft , r«5/y=ivtt (i-p) 

VS i O2 = (1 -P) * Z S 

(d) mt^V^z/ (i-P) ^;Wc*fU x^e;i/^D 

Vimp = x/ ( 1 - P) * Z 

(e) ±12 (6) t (1 4) CD#Wc0ffi^±fe (5) CD 

ZSi/pSi = (1 -P) z 



m^fcfcNFPfcfc|g80cfc5&#— Jttt^ 

[0055] aawieoxsR^ hv-^f xotx^bbpibw 
10 ^ft#tt^i9mstc 0 9^cfc-9^c s ^x^ggpifg 

w*M /imj!)^6 mTteJg^^tev':/^^— FT& 
o^io 3 /im*SST«N F P-<0«3^VX^H!-P*Bw-©» 

[0056] *?LK^y3v(4*o*f3H.*naf*»«B 

5 Jc^-r*SBBlin?t4*JLK5/ y n ><OH{^c £ 

[0057] ^mmm^t^nm^v ^ic^rnm* 
«««*a^«o 0 7 tc^t-)t#is?BTt±^ 1 (ornate 

yn>co®tS3 2tcti^^>'^:K-^ , LT^/f^±t*a 
— »2 0««3 3k:ttWlcK— 

FfcLTSJfflUfco COcfcdfcilffci/y 3> 

s»*K-e*±2%a*©Jt®*f*iS*fllv^s 0 01 6 

30 (a) IC*ao^**53l*^X^3Stob^:»&0» 
fc:«?»fbUfc«'&ora«OBI*H 1 6 (b) 
2 T*5 5 %. T i O2 T*56%. A 1 2 O3 e O2 

[0058] <i(D&5 ic^rnts* ^—yLTcmicmitT 
zm&tei*. muz ftrc^t&^ftmcDM{tmc£z> fem 

40 [0 0 5 9] CcO^cDMIrati:tu^cO0 4^3cfcr/0 5^^ 
•r*fifiJgjSI^|oI«JC (a) 1 *r>\s<Di/V UZ/<DQmV S 
i « 

• • • (5) 

(c) ±15 (l-P) ^e;l/co->y n>*Kffc 

i O2 /p S i O2 • • • (6) 

imp/pimp ... (14) 

S i O2 /p S i O2 



15 



(9) 
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+ (x/ (1 -P) * 

P i mp= 1 - (A/2-f (A 

A= (ZSi/ZSiOz ) * 
B= (Z i mp/Z S i 0 2 ) 

[0 0 6 0] <l<ltC N ^iP^FSffifeOM^bTKffc^^V 

(T i O2 ) Jtlp^bt;i/f;i/Sas©SS 

p i m p = p T i O2 —A. 23g/cm 3 
Zimp=ZTi 02 = 7 9. 8 7 8 8 g/mo 1 t^; 

[00 6 1] ±iS (1 6) lC*ol / fZ>&n&JLm%: x<DM 

mtvrmi 3ic^ 0 mi 3fcJH>T«ttxi«wfc$/ 

U3> (S i O2 ) Ic^T^SHfc^V (T i O2 ) <D 
[006 2] 01 3 (a) tex £bT0~ 5 %O^H^r 

in (b) &o~ 2%<omm^mcmmicm 

tefcBW^FLSfc* 5 5 5 8 %WT^iSA0'T «o 5 

[0063] 01 3ic^mmmmxmmi^rz^^icM 

£0 Jfe-T. 01 4^-TJ:^^> 0 2*c^T^m*l£ 

*?gj«L^ 0 ^<0f£!S! 1 flD{fcl«*tt-e* 1 <0 
*?LK->yr3V6 l*Jg/£b;fco ffiU 014 (b) tc 
^-TJidfc:. 0 2 (b) lc;fcW-s«»ti 4£««tf&Su 
6<fct>^f^:iffi6 4 i:mtS&*6 6*«fflLfe 0 ^2 

<o^tl«-> y a vjg^Etc «^ 2 mm&mvm^rc t m— 

l<0*?LH->U3V<0^?Lfi6 7*F— :/bfc^|«fttf 

[0 0 6 4] COcfc«5tcHBJ«LT^L/£:— 3<D^?LK 

(a) Ocfc^fc«WO^y3>'SSaB^«±ra--Srt 

[00 6 5] **SfiJB-«©S*&5SS*0 1 5 ICTjkTo 

■s/yavofl^lctt^»iP?L«***<H«U F- 
^bfcBtftS' U a :a F-^b&i^lMfcS/ 'J3ytt)lc 

[0 0 6 6] 

□t«0M 01 (a) fcfcfrSfcraattc, iBjRa^BW 



Z i mp/p imp) ... (15) 

2 /4-x*B) ) 1/2 •••(16) 

(p S i O2 /p Si) • • • (8) 
* (p S i O2 /pimp) 

F-y^nfcitgjnO. OlQcmOv/ynvlgli 

3te:*w<DBBP«4*JBj«Lfco ^<o^ itf&Wffiitt— 
10 5£*c«^?Lff->y 3^©««*ffj«bfco <BU 

fe»«j?BB«W«««:. 011 (b) lcjS*r<fc5lc{bK 
l$R8£Wc«4>b;fc (01 1 (b) lCl±w= w 
= 6 ^m. w=15/i mCSf^^J/TsL, #}|$J¥®m 

?LM-> U n z/mmo&RA 5 3 U\ 0 1 ( c ) tc^rT <fc 

Tfffi8W;Hg< (0 11 (b) <O0!TC«r==3O 

/im«, ffffi«8K««ttW»fiifc:J*b. ftifti2 

%. 6%. 1 4%t?*ofc) o ^<D*SJft, 01 OtfHgiS 

[0 0 6 7] ±iSOJ:5fc:ffj«*nfe*?LK^y 
30 Kfbb^c^<D»fDBJKtt©»S!0a«:Ell 1 (a) ICtt.To 
01 1 (a) k:^-TJ:5te:. Sftffi«04>Affi5 5THi 

6 7?tt»ftW©l«H»!B^R»t:S*6n^:o COS* 

T^ss/y 3vfc*4gioaojs*wjaw»u:aa<f^fflb 
»i ^ra^bfc«u:*«»»K'r«^x 01 1 

(a) £D^T^Wc&oTt/^&ft->y rr>^->y 

y ra v £ y n > £ © J?Blc te/^&tyc^ & 

[0068] 011 (a) <DS!S<£t) , S i Nx O^X 
^il*yr»r^7xyfy^ (R I E) k:£DB&£b 

[0 0 6 9] 
[*2] 

50 
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Matt 




: U m 




4it 




w: m 


a 


b 


c 


d 


a/b 


(a-w)/b 


c/b* 


d/b* 


(c+dVb% 


c/a:% 




c/dS 


3 


0.75 


52.74 


25.14 


3.63 


3.42 


2.10 


2.07 


14.44 


13.62 


20.07 


6.68 


6.49 


106 


5 


0.75 


52.40 


24.66 


3.56 


3.01 


2,13 


2.09 


14.44 


12.22 


26.67 


6.B0 


5.75 


118 


4 


6.0 


61.44 


26.91 


3.74 


3.74 


2.28 


2.06 


13.90 


13.90 


27.81 


6.09 


6.09 


100 


6 


6.0 


59.29 


26.64 


3.93 


3.21 


2.23 


2.00 


14.75 


12.06 


26.B1 


6.63 


5.42 


122 


1 


6.0 


59.52 


26.81 


3.95 


3.33 


2.22 


2.00 


14.74 


12.43 


27.18 


6.64 


5.60 


119 


2 


6.0 


59.95 


26.35 


4.03 


3.55 


2.28 


2.05 


15 29 


13 43 


28.76 


6.72 


5.93 


113 






57.56 


26.0G 


3.61 


3.3a 


2.20 


2.04 


T4 59 


12.96 


27.55 


6.63 


5.88 


113 



[0 0 7 0] *2lCteVX^|IHPi|@w£LT6. 0 /x 
m, 0. 7 5/im«^o ^3t"l@ a ttfrft t> JS^SS 
ffl ($55 2-6 1 /xm) T^tn^o fi&75\ a/b 
(4 2*'>L±@5aiT'*So ££>fc:PL< H.S£ (a 
-w)/b<Dffiii2. oic^fincifi<. *KflR*S*#« 

[0071] »«fciisa*©*w--e** (c + d) 

<Dffi&^ 7 m m, ( c + d ) / b ©tttt^O^tttfft 

BuELfcH 5 ^/^tHffi»cK^§AP = ± 6 %7?<DlR 
«Sfc«41HiO«-e*S3. 6 jim. {b/£gg£it £ bT 

i 3%«*it«wic*»s4iiojBi /27?feo. 
[0072] #ic. poms' v ^mwo&iiMtmiL 

ilmzsv azs<Dm^tmitumt(Dm{&*^'?o 300 
t (iooo/t=i. 74) <oiaa^«^?LKs/ y ^ 

1 5%T?*S 0 3 5 0t (1 000/T=1. 6) <D#L 
mti'V ny«gt5c ££>*C8 0 0°CO®STHi«5 

<D*ffl?LSte^0. SnmSWo T*fc>-5. »fb<DS 

So 

[0 0 7 3] mi 8 (a) tC, «Ut^U3>WOi 

Tfffi*^ n mX^-7bo^> y n y^a £ SiSH^ttt<o»?L 

fgST*SKbfS£. 018 (b) ica^T^-M^ e/tja 
'J3y84 5©9^ 8ffci4 7iUffi**ftfc»» 



10 g^>y^yg4 6 £^fb^4 7 ^<0^a<DSl«ii7JD*r 

s 0 UT«»Kftsrnfe*?Lii->y 3>o«?ls 

RlotiHRWM^<&So C-JLTMS^ynv 
*»»»ffc-r S c £ J: 0 «I?LS*«!Iffiffii D /Jv£ fcvfr 

[0 0 7 4] ^7c. 018 (b) <r>& 5k:«»iMt*n 

^cMR-> y ^ SMMbf y n v<DSB#*r hf^k 

3Vtt4 5(0^5)4 6ttJBffl<DgK»4 5<i;D»B<3: 
So tt*fcbT*K«ft«?UiR 2 i t^ffiOWLgR 
20 l i £^*^<3:tK ^LSfciiiirrSo £<D*i^cD3© 

[0075] ±iHoj;'9tcbT. ®&m{k£m{tm<Dffi 
• tmM ♦ im?La»ff ttt*aofc*?L«s/y n 

v«g/fiTt?£ 0 Wc<b^c«tDitSJc3fSlo^?Le- 

So C © «fc "9 &»£iB#»«ffi • 'bw&mmx*— fi^FL 
30 K->ynv*jg«u *0«fHBOW»»fb^»fb«l» 

#*#-r**?LKs/y a v»cs»*r s c twt?**. 

[0 0 7 6] &{bK*SBH F T?»**rsiK<0«iaE&j56Jc 
tcfcSW, ttf*T»Bn^?LK->y=ivoft«|«pU:, K 

#oaffi«*o»i*eiiE«*. ^R->y=j>«ii<D 

[0 0 7 7] 

40 [58W<D8&Hi] feLt<0 <fc o ic , it $m 1 s S/ y n > 

ssfcctntf. — ±ffiinifcnif*fe:jgjji*tife*aji->y 
mimt'V^>*m^Tftmm&*&!$ t irz>£, ^rt 

^3 7 31® y n >atgo«SJO ffi ^ IrI — ffi lc ^ s y 

50 So 
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[0078] sfc, m&m2ic&z>i/v=ti/mmc&n 

£ b , C ©IWfcS/ D n VfigisS© jSESB £ -> y n vlffio 
-tK^c + dtUctt, (c + d) /b#± 

Ts &*<DJ¥Ki§8t ii7f> ^ST'MS nfc*&E3? 
i-;MCj:fc^T8K«>T#flJT*<&3o KHb^'J 

[00 7 9] 2"=>{C. W5f<^4lC^5~>y 3VH©^ 

a t?— s t * 5 a -5 tc , ^flh-> y a V<Q JjEfiS-g- Wc 
iscTftfigm^^itAn^-^sci:*^, ->y nvsgn* 

cttfTlZZ. Sfc, 111— ^?L***bx S 
oS%saB7Lg*Wrs1*l©^?LMS'y 20 

fcJ&SU «in?.0^^-730^7LS->y nvtcigKW 

fc^^F-^u ^e.fcco^jLSi'y =ii/itmit 
m#m$m*m'pi l z t s Bgw£?LS*r» at s s# *e 

3Pi«>#S*flH^* c t ic «fc K> > i(fc->'Ja 
SC t^RTtgt^So 

[0080] Sfc. ift&si ofcflRss/ynvstsojB 
**afc «fc n«\ nsfb^oati: ±oti"j3 >a«^ 

'>Lfc^?LM->ya^^^T-$So *7S. ^?LSt 
SC £T\ *?L«fcai?Lg3b»fl»JtaLfc^t?UI->y 



20 

I->'J3>(DS2 ©7BjS8;*««T?S So 

[0 1 ] £«S5/U 3V»KO}Bj«*J£*^-r 

HT*D 4 (a) »#m»fSBs (b) inti8.mffi.tm 

[02] g»*S5t««i"J=ii/S«0?gj«^*w-r 
0T-&D, (a) «»rffi0. (b) ttftj^K»SEi:««£ 
ffl»JB«*^-riax (c) li&^£WRM.<Oiks8M-£ 

fic#i4^r^-riaTfeSo 

[03] ii^4Sfc«ii*«5ic«s->yni/s«© 
^^^fc^s^^i/XMrSOffiijami^-rst 5 ^ 

So 

[0 4] IB*a4»c«S">'j3>S«0}B^j£»c«fc-3 
^•T0T?feS„ 

[05] ^?L3S->y 3>©^?U*£^?LH->y nvgtft: 

m«#«^S!jOM^^-r0T-feSo 

[06] ^?Lf5 y n £?L* f: 8£{b -> y 3 ><D«ffi 
[0 7] M*5l2k:««^y3VS«*fflf TJg^Lfc 

7t»^ss<os*«3t*^'r @T-fe So 

[0 8] ^KSSMjI^N F P<D^J^-r0T^S„ 
[09] XjK-y h-9--fX<DBflP"tBfe#tt*^-r0-e* 

So 

[0io] MsfcJgi *5«fctf2ic«ss/y 
?3 ffiosnatsc^-r ats So 

[011] itteM*^-T0t?feS. 

[012] tfc^eajtc x s^?ls-> y 3 ^mitfetommm 

[013] BW^LjftOiSta'FWteOJftSfl^tt*^^ 

0t?feSo 

[014] ^ll«!»^tt«f©{fc^feftWWJgtt*^'rH-C 
[015] ^M*aai0*3B!«Lfc*?UEt«?LSOH« 

[016] (a) ittmm<Dmm&&xsmnmtmmm 

iOH«S**tHT?a5 0, (b) t43RW»oaSife*tf 

[017] y n t g!ft?gjg©H^ 

[0i8] y n i/<D&ttmitttm&.mc7jk?m 

[W^co^] 

3 : 7X^1 4 : vX^HBDgR, 5 : MI>"J3V 
6 : m»Jffll£0 1 mm. 7 : S i/M»>"J3 

is^ffinffimm, 8 : 9 : mum. io:n 

O^M->V3y« 1 1 :m2©^dFLMi/y3>^ 
12:11 ©ftJ«?S03Plft»ft, 13:12 Ofb^ 
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mvftmmm, 1 4 : se i vmm 
csi] 



! , 1 5 : fg2<D1 
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[05] 
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(a) 



0 1 2 3 4 5 

=F$&fc££(Ti02/Si02): mol% 




0.0 0.5 1.0 1.5 2.0 

^!&K&CTi02/SiO2):niora 



(b) 
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fiOQC 1 1 700C 
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